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Lepton Flavor Universality (Violation)

Lepton flavor universality (LFU) demands that charged leptons
have (almost) identical interactions, only differ by their Yukawa
couplings and hence their masses.

However, in both flavor changing neutral current (FCNC) and
flavor changing neutral current (FCCC) processes
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LFU is challenged.
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b — sf/ and b — ¢t Anomalies
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Experimental SM Prediction Comments
Rk 0.745755994£0.036  1.00£0.01  my € [1.0,6.0] GeV?, via B*.
R+ 0.6910 03 0.996 +0.002  my € [1.1,6.0] GeV?, via BY.
Rp 0.340 + 0.030 0.299 + 0.003 B° and B* combined.
Rp- 0.295 4+ 0.014 0.258 £ 0.005 BY and B* combined.

RJ/w 0.71 +0.17 £ 0.18 0.25-0.28
2 — 30 deviation from SM!

[Tanabashi et al.(2018)][Altmannshofer et al.(2018)].
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Unique Opportunities at Z pole

Giga-Z, Tera-Z and 10xTera-Z: a phase of future linear/circular lepton
colliders. [Fujii et al.(2019), Dong et al.(2018), Abada et al.(2019)]
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Expected b hadron yields:
Channel  Belle Il LHCb Giga-Z Tera-Z  10xTera-Z
B° B° 53x10° ~6x10% 12x10® 1.2x 10" 1.2 x 10
B* 5.6 x 1019 ~6x 102 1.2x10% 1.2x 10" 1.2x10'?
Bs, Bs  5.7x10% ~2x10"% 32x107 32x10° 3.2x 10!
Bci - ~4x10" 22x10° 22x10%® 2.2x10°
Ay, Ay - ~2x10% 1.0x 107 1.0x10° 1.0 x 10"

T. Ho, T. Kwok, L. Li, T. Liu

Oct. 2, 2020, Snowmass RF7 4/12



Comparison between B Factories and

Hadron Colliders

Combines the characteristics of both B factories (1(4S,55)
pole) and hadron colliders.

VS. B Factories VS. Hadron Colliders

» Much higher b quark boost » Fixed £,

» Better track momentum » Clean environment
measurements » Direct missing momenta

» Larger displacements with measurement
smaller uncertainty » Larger detector acceptance

» Abundant heavy b hadron > Better flavor tagging
production efficiency
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Example 1: b — s77 measurements

Use 7 — nEntatu
decay, locate each vertex

and reconstruct

T. Ho, T. Kwok, L. Li, T. Liu

Overwhelmingly large background
from D(j;) — 7 rErT 4+ X decays:
Example Typical BR
b — ccs Type
eg. B, = KD DH- 01072 - 1073)
b — cTv Type
eg. BY 5 KDY+, 01073 - 1079)
b — cud Type
eg B —» DW—rptrta= 01072 —1073)

No relevant background studies
before!
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Spend Some Time on Serious
Phenomenology!

2000 UEARS

LATER
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Result of b — s77 at Z Pole (Preliminary)
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Example 2: R;/, measurement at Z Pole

(Preliminary)

Improved reconstruction w/ momentum/energy

. Compared to LHCb measurements:
conservation
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Unique chance to do many
N interesting B, physics!
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Example 2: R, measurement at Z Pole

(Preliminary)

Differential measurements possible!=- better BSM sensitivity at
higher ¢ and calibrate form factors.
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Form factors from perturbative QCD [Watanabe(2018)].
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Example 3: B, — ¢vv measurement at 7/

Pole (Preliminary)

Conditions Signal bb cé Total S+ B/S
Total 150000 3e+11 2.4e+11 S5.4e+11 3.651

Ny >0 68798 8.15e+09 5.37e+09 13.52e+10 1.312
Brepion > 0.2 GeV 66039 3.55e+09 3.60e+09 7.01e49 0.902
Miny>2.2 GeV 52385 1.06e+08 3.25e+06 9.39e+7 0.197

a < 0.8 20578 204783 5333 133150 0.023
Efficiency 0.14 6.83e-07 2.22e-08

See the RF1 relevant talk. Using CEPC full detector simulation.
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Future Plan

» Study different FCCC b — cTv measurements at Z pole.
» The possibilities of differential measurements.

» Consider the overall picture in terms of SMEFT, and
combining other Z pole results
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